Novel object tests revealed a loss of interest in the nonsocial environment in early adulthood, which was modulated by the availability of a food reward. Experiments using vocal and visual representations of social partners indicated that monkeys maintained an interest in social stimuli and a preferential interest in friends and socially important individuals into old age. Old females engaged in fewer social interactions, although other group members continued to invest in relationships with them. Consequently, reductions in sociality were not due to a decrease in social interest. In conclusion, some of the motivational shifts observed in aging humans, particularly the increasing focus on social over nonsocial stimuli, may occur in the absence of a limited time perspective and are most likely deeply rooted in primate evolution. Our findings highlight the value of nonhuman primates as valuable models for understanding human aging [8, 9] .
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In Brief
Almeling et al. investigated motivational changes with age in Barbary macaques to explore the foundations of cognitive aging. The monkeys lost interest in the physical environment relatively early in adulthood, whereas they maintained an interest in social information into very old age, irrespective of a decrease in social activity.
As humans age, they become more selective regarding their personal goals [1] and social partners [2] . Whereas the selectivity in goals has been attributed to losses in resources (e.g., physical strength) [3] , the increasing focus on emotionally meaningful partners is, according to socioemotional selectivity theory, driven by the awareness of one's decreasing future lifetime [2] . Similar to humans, aging monkeys show physical losses [4] and reductions in social activity [2, [5] [6] [7] . To disentangle a general resource loss and the awareness of decreasing time, we combined field experiments with behavioral observations in a large age-heterogeneous population of Barbary macaques (Macaca sylvanus) at La Forê t des Singes. Novel object tests revealed a loss of interest in the nonsocial environment in early adulthood, which was modulated by the availability of a food reward. Experiments using vocal and visual representations of social partners indicated that monkeys maintained an interest in social stimuli and a preferential interest in friends and socially important individuals into old age. Old females engaged in fewer social interactions, although other group members continued to invest in relationships with them. Consequently, reductions in sociality were not due to a decrease in social interest. In conclusion, some of the motivational shifts observed in aging humans, particularly the increasing focus on social over nonsocial stimuli, may occur in the absence of a limited time perspective and are most likely deeply rooted in primate evolution. Our findings highlight the value of nonhuman primates as valuable models for understanding human aging [8, 9] .
RESULTS

Exploratory and Problem-Solving Behavior
To assess potential age-related changes in Barbary macaques' interest to engage with the nonsocial environment, we presented male and female subjects with three different types of novel objects: animal toys, a cube filled with colorful plastic pieces in a viscose liquid, and an opaque tube closed with soft tissue at both ends and baited with a food reward (Supplemental Experimental Procedures, sections 1 and 2). Monkeys lost interest in toys in early adulthood but did not show further age-related variation ( Figure 1 ). The interest in the baited tube was generally higher than in the other toys, and the exploration time ( Figure 1 ) and likelihood of physical manipulation in this task were reduced only for individuals >24 years old (generalized linear mixed model [GLMM] : n subjects = 98 in one to three experimental conditions, n trials = 202; age 3 novel object type, c 2 = 8.85, degrees of
The latency to open the tube steadily increased from young adulthood on, however, and subjects >19 years old were unable to retrieve the reward ( Figure 2 ).
Social Interest
In order to determine potential age-related changes in social interest, we presented male and female subjects with portrait photographs [10] of newborn Barbary macaques, a close friend or a non-friend (Supplemental Experimental Procedures, sections 3 and 4). Note that in this species, females maintain close bonds with both related and unrelated females [11] , and males interact with infants remarkably frequently [12] . The close friend was defined as the female in the group with which a subject exchanged most affiliative interactions during group scans, whereas the non-friend was a female with whom no affiliative interactions were recorded. For female subjects, we additionally conducted playback experiments [13] in which we played recruitment screams elicited in agonistic contexts [14] from close partners and non-friends (Supplemental Experimental Procedures, section 5). In all experiments, stimuli that represented socially important individuals elicited stronger responses than those representing other group members ( Figure 3 ). The preferential interest in photographs of important partners remained constant into old age (LMMs: males, n subjects = 44 in one to three experimental conditions, n trials = 85; age 3 partner type, c 2 = 1.92, df = 2, p > 0.1; females, n subjects = 54 in one to three experimental conditions, n trials = 127; age 3 partner type, c 2 = 1.50, df = 2, p > 0.1), as did females' preferential interest in recruitment screams for close partners (permutation test of LMM: n subjects = 47 in one to two experimental conditions, n trials = 69; age 3 partner type, p > 0.1). Moreover, there was no general effect of age on looking time to portrait photographs (males, c 2 = 0.89, p > 0. Figure 4 ; Supplemental Experimental Procedures, section 8). For the females of the GB group (n = 26), we additionally determined the frequency of affiliative contact. Older females had lower frequencies of affiliative interactions (LM with log 10 -transformed response: F 1,23 = 9.45, p < 0.01) and a lower number of adult partners (LM: F 1,23 = 5.52, p < 0.05) than younger ones. The time females received grooming and the number of individuals by whom they were groomed did not vary with age, however ( Figure 4 ). An inspection of the grooming data revealed no clear pattern for the partners of old females (>19 years old; n = 16). The females did not show an increasing focus on relatives with age, as there were only three daughters or sons among the top two grooming partners of the old females.
DISCUSSION
We found a sharp loss of monkeys' interest in the nonsocial environment in young adulthood. This mirrors findings for humans, in which adolescents also show a higher degree of novelty and sensation seeking than adults, leading to a greater propensity to take risks [17] , whereas the eagerness for new experiences declines across adulthood [18] . Thus, the nonlinear development of the internal reward system, which has been associated with risk taking in adolescence [17] , is most likely a shared and ancestral trait [19] . Notably, the potential availability of a food reward strongly influenced the monkeys' approach behavior: except for very old individuals, monkeys continued to explore the tube, albeit with diminishing success. Whether this is due to a loss of cognitive competence or due to motor impairments remains an issue for further investigation.
For the older monkeys, we found a striking dissociation between the diminished social activity and a narrowing social network on the one hand, and the continued interest in social information on the other. The reduction in social activity was apparently driven by the old individuals themselves, whereas they were not less attractive to other group members. The keen interest of old individuals in social information challenges the notion that their shrinking social activity and social networks are a result of a general loss of social interest [20] . In contrast to our expectations, old individuals also maintained a basal interest in social information involving non-friends. In other words, we did not observe a relative increase in interest in socially important partners. In sum, the increased social selectivity at the behavioral level is not based on shifts in social interest.
For humans, the increased selectivity in personal goals [1] has been linked to losses in resources (e.g., declines in some physical and cognitive abilities) [3] . Increasing resource losses are associated with a shift in motivational orientation across adulthood, such that younger adults are more oriented toward achieving gains, whereas older adults are more oriented toward maintaining functioning and avoiding losses [21, 22] . Future studies should aim to clarify to which degree the decrease in active social time is driven by energy constraints-more specifically, to which degree the reduction in activity is the result of reduced energy intake and/or metabolic deficiencies [4] . In addition, the valuation of specific social interactions or activities might change, possibly due to differential internal reward patterns.
Counter to our expectations, we observed that other group members continued to groom older females [5] , raising questions about the value of social relationships per se. For Barbary macaques, there is some evidence that grooming lowers stress levels in the groomer [23] , which may account for the continued grooming of non-reciprocating older females at the proximate level. At the ultimate level, it has been shown that female monkeys that maintain strong bonds experience higher infant survival [24] and an enhanced longevity [25] , indicating that the maintenance of strong bonds has been selected for. Thus, social bonds may acquire an intrinsic value, so that the animals continue to invest into relations with older individuals although they may only provide marginal benefits to them.
Taking these data together, we found evidence for higher selectivity in aging Barbary macaques. Their interest in novel objects waned first, followed by withdrawal from social interactions and a narrowing in network size, and finally a reduction in problem solving even with the prospect of a reward, whereas attentiveness to social information remained stable into old age.
What are the implications of these results for socioemotional selectivity theory (SST) [2] ? According to SST, the prioritization of emotional goals and a narrowing in network in particular results from subjective impending endings [2] . In humans, the awareness of limited lifetime clearly has a strong impact on one's preferences and goals [2] , as young adults who are struck by terminal illness or who are confronted with a geographic relocation scenario experience similar shifts in motivation and preferences as aged individuals [26] . This does not rule out the possibility that physiological decline also contributes to shifting preferences in older humans.
Our data provide evidence that in the absence of an awareness of limited lifetime, nonhuman primates experience an increasing focus on social over nonsocial stimuli and a reduction in social investment with age. Accordingly, in aging humans, both ancestral motivational shifts and the awareness of one's increasingly limited remaining lifetime most likely contribute to shifting preferences and goals.
Conclusions
The finding that nonhuman primates experience marked and differential motivational shifts with age, particularly an increasing focus on social over nonsocial stimuli and shrinking circle of social partners, suggests that some of the motivational changes observed during the human lifespan may be grounded much more deeply in evolution than previously assumed and may not necessarily be tied to an awareness of limited lifetime. Combination of an evolutionary perspective [27] with a lifespan psychological approach [28] constitutes a promising avenue for investigations of age-related changes in motivation and cognition [8, 29] , contributing to the growing field of evolutionary developmental psychology [9] .
EXPERIMENTAL PROCEDURES Study Site and Subjects
The study population lives at La Forê t des Singes, a touristic outdoor enclosure (20 ha) in Rocamadour, France (see [30] for a detailed description of the park management; Supplemental Experimental Procedures, section 1). In the park, the population (N = 166) is split into three distinct social groups (known as GB, PB, and Volerie [V]), with the oldest individual being 30 years old. Individuals were included in the study when they reached sexual maturity (males, 5 years; females, 4 years [31] ). In total, 118 Barbary macaques (age range 4-29 years) were tested in at least one experiment and/or served as focal subject. All experiments were in accordance with the European Directive 2010/63/EU and were approved by the scientific director of the enclosure. were placed in front of male and female subjects that had never seen or not seen the object for at least 3 months (Supplemental Experimental Procedures, section 2). Responses were videotaped for 2 min. In case the subject still manipulated the tube after 2 min had passed, the trial was extended for a further 1 min. To determine the experimental partners (close friend or nonfriend) for the social experiments, we relied on group scans (minimum n = 255 per season for the GB and PB groups; Supplemental Experimental Procedures, section 3) during which we recorded the occurrence of grooming and affiliative proximity (<1 m). For the photograph experiments [10] (infants, close friend, or non-friend), the experimenter sat down in front of the male or female subject with a covered photo on a clipboard and initiated the trial by uncovering the photo while videotaping the subjects' behavioral response. Trials lasted until the subject left or ceased looking at the picture for 1 min (Supplemental Experimental Procedures, section 4; Movie S6). For the playback experiments, one experimenter placed the loudspeaker behind the female subject in the direction in which the experimental partner was assumed to be [13] , and the second experimenter stood in front of the subject videotaping its behavioral response to the playback for 2 min (Supplemental Experimental Procedures, section 5; Movie S7). All videos of experiments were analyzed on a frame-by-frame basis (25 fps) (Supplemental Experimental Procedures, sections 2, 4, and 5). Focal observations of females [11] (n = 45 of two groups), during which we continuously recorded the behavior for 30 min, were conducted in three periods (PB group, April-June 2009 and September-October 2009; GB group, May-August 2014), resulting in 883.5 hr of observation (Supplemental Experimental Procedures, section 6).
Experimental Design and Data Collection
Statistical Analysis
All statistical analyses were performed with R v. 3.0.2 [32] . Regarding the exploration time of novel objects (the amount of time that an individual visually and physically inspected the object relative to total trial length), we used a LMM. We included age, type of novel object, their interaction, and sex as fixed effects and subject as random effect. Because of a ceiling effect in the data, we ran a permutation test (number of permutations = 10,000) to determine p values. For the proportion of physical manipulation (yes/no), we used a GLMM with age, type of novel object, their interaction, and sex as fixed effects and subject as random effect. Regarding the proportion of successful tube opening, we used a GLM including age and sex as fixed effects. For successful subjects, we determined whether age and latency to tube opening were correlated (Spearman-rank correlation) (Supplemental Experimental Procedures, section 2). Concerning the looking time to photographs, we used LMMs, separately for male and female subjects, in which we incorporated age and partner type and their interaction as fixed effects and subject and partner as random effects (Supplemental Experimental Procedures, section 4). For the looking time to playbacks (the proportion of time subjects spent looking and approaching the speaker in 30 s after the onset of the playback), we used a LMM in which we incorporated age, partner type, their interaction, overall stimulus length, and the overall call duration as fixed effects and subject as random effect. Due to a floor effect in the distribution of the dependent variable, we conducted a permutation test (number of permutations = 1,000) to determine the p values (Supplemental Experimental Procedures, section 5). We analyzed the frequency of female vocalizing to conflicts and infant interactions among third parties using LMs with age and dominance rank as fixed effects (Supplemental Experimental Procedures, section 7). Concerning the behavioral data, active and passive grooming time were analyzed using MADR gamma-distribution models with BayesX v. 3.0.3 [33] , as in [34] , and using penalized Bsplines [35] for non-linear effects of continuous covariates. We incorporated age, dominance rank, season (spring or autumn) and group (PB or GB) as fixed effects and focal subject as random effect. Concerning the number of partners, which females actively groomed, and the number of partners by whom
Figure 4. Aging and Grooming Behavior
Depicted are the estimated (mixed additive distributional regression, MADR) 2.5%, 10%, 25%, 75%, 90%, and 97.5% quantiles (shaded areas) and expected values (line) of the respective response distribution over the domain of age (n observations = 68, n subjects = 45). Pairs of values with exclusive expected values and inner 97.5% quantile intervals reveal strong evidence for age-related distributional differences. With increasing age, female Barbary macaques engaged less in active grooming (A) and had a lower number of adult partners they actively groomed (active partners) (B). There was no substantial change in the time females received grooming (C) or the number of adult partners by which females were groomed (passive partners) (D). females were groomed, we used the same procedure, except that we used a beta-distribution model. For all females of the group GB (n = 26), we ran LMs regarding the frequencies of affiliative contacts with all adult partners and focal females' number of adult partners with age and dominance rank as fixed effects (Supplemental Experimental Procedures, section 8). 
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